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@ PolymartoattonprooeaaeaandpffoduolB. 

@i Graft copolymera and ottier polymers are made by 
providing a foamed aqueous solutton of water soluble 
monomeric material. Initiating polymerisation by adding Initiator, 
exotharmlcaKy polymerising the monomerlc matertaf to form a 
foamed gel. and commlniitlng the gd. PreferafaVthe polymeri- 
sation temperature is held below 60-C for at least the first 10 
minutes of the pctymertsatlon and ttwn rtses exothermlcally to a 
higher temperature. Novel graft oopolymerB that can be made 
by this technique and that are of particular value as fluid loss 
aridWves are formed from a polyhydroxy polymer, a sulphormte 
monomer, acryiamlde and acryllo add. 
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Description 



Polymerisation Procassea and Products 



Polymers derived from water sotubie ethytenlcally 
unsaturated monomer (which may be an Individual 
monomer or a blend of monomers) are normally 5 
made by polymerisation of the monomer In aqueous 
solution at a concentration of t>elow 50q^ by weight 
The po^erisatlon may be conducted as an 
aqueous bulk gel polymerisation or as a reverse 
phase poiymerfsation. 

Polymerisation In solutions having a higher 
monomer concentration Is known. This can have the 
advantage that subsquent drying of the gel Is 
unnecessary but it has the disadvantage that control 
of the polymerisation Is difficult, for Instance due to is 
the necessity to avoid overheating of the polymerisa- 
tion mixture due to the exothennic conditions that 
prevail during the polymerisation. 

In conventional gel polymerisations, it Is usually 
necessary to ensure that the conditions do not 20 
result In bubble formation within the pofymerising 
mass. However in CN 85109462 a process is 
described in which acryiamlde or acrylamlde and 
acrylic acid is graft polymerised on to a water soluble 
polyhydroxy polymer fn an aqueous polymerisation 25 
medium timt has a monomer concentration of at 
least 60CVb and that Is in the form of a foam during the 
polymerisation as a result of the generation of 
carbon dioxide within the aqueous medium by 
reaction between acid and sodium carbonate, in the 30 
main example It is stated that exothermic polymeri- 
sation starts within five minutes of adding potassium 
persulphate initiator and continues for 15 minutes. 
The description emphasises the desirable advant- 
ages of auto-acceleratlon of the polymerisation 3S 
occurring early In the polymerisation, so as to create 
the Norrlsh-Trommstorf effect early In tfie polymeri- 
sation. This need to polymerise rapidly does result In 
the process being difficult to control so as to give 
products of predictable properties. The products 40 
are, necessarily, graft copolymers. 

It Is known that some graft copolymers can be 
useful downhole, e.g., as fluid loss polymers. For 
Instance U.S. 4,703.801 describes graft copolymers 
of 2-acrylamldo-2-methyl propane sulphonio acid 45 
(AMPS. U.S. trademark) optionally with other mono- 
mers, grafted on to lignin or cellulose derivative). 
However the products that are more successful 
commercially are medium molecular weight copoly- 
mers of sodium acrylate and acrylamlde (which so 
tends to be optimum In fresh water) and high 
molecular weight carboxy methyl cellulose (which 
tends to be optimum In saline water). 

The present Invention relates to novel improved 
ways of making polymers, especially graft polymers, ss 
and to novel graft polymers that are of particular 
value downhole. 

According to a first aspect of the Invention, a 
powdered polymer of a water soluble, exothemnically 
polymerisable, ethyienlcally unsaturated, monomeric 60 
material is made by a process comprising provkflng 
a foamed aqueous solution of the monomeric 
material, Initiating polymerisation of the monomeric 



material by blending Initiator with the solution, 
exothermically polymerising the monomeric material 
tofomi a foamed gel and comminuting the gel, and In 
this process the polymerisation temperature Is held 
below eO'^C for at least the first 10 minutes of the 
polymerisatton and Is then allowed to rise exothermt- 
catly to a higher temperature. 

The process differs from conventional gel poly- 
merisation processes by the requirement that the 
polymerising solution should deliberately be foamed 
before polymerisation starts. This Is In contrast with 
the normal requirement to de-gas the solution and to 
conduct the polymerisation under conditions so as 
to avoid bubble formation. The process differs from 
the process In CN 85109462 by, inter alia, deliber- 
ately holding the polymerisation temperature at a 
relatively low temperature for at least 10 minutes 
after the Initiator Is first added, i.e., after polymerisa- 
tion starts. 

Thus whereas CN 85109462 emphasised the 
advantages of fast polymerisation, we surprisingly 
find that It is desirable for the polymerisation to be 
held at a relatively slow rate for a substantial period, 
at least 10 minutes from adding Initiator to the 
solution, at the start of polymerisation and is only 
subsequently allowed to accelerate due to a rapid 
increase In temperature. The duration of the low 
temperature, slow polymerisation, stage can be 
controlled and will influence the final properties of 
the polymer. For instance it can easily be controlled 
to a duration of 10 to 60 minutes, often 10 to 40 
minutes. Often the duration Is at least 16 minutes but 
it is generally unnecessary for it to be longer than 
about 30 minutes. 

At the end of the chosen Initiation period, the 
temperature rapidly rises to a higher temperature 
that is usually above 70° C, often above 90*^0 and 
preferably sufficiently higher (e.g., 100* C) that 
steam Is evolved. 

One way of regulating this duration Is by appropri- 
ate selection of the monomeric material. When this 
material Includes for instance acrylamlde and/or 
acrylic acid the presence of sulphonate monomers 
and/or ally! monomers Is a useful way of extending 
the initial period, and preferably such monomers are 
present In an anrtount of from 3 to SO^Vb, often 3 to 
lOVo, by weight of the total monomeric material. 

Another way of controlling the duration of the 
Initial polymerisation Is by direct or Indirect heat 
exchange. For instance the mixture that Is being 
polymerised may be spread as a relatively thin film or 
in some other way exposed to amt>ient coolant or a 
material may be Included in the polymerisation 
mixture that Is a heat storage material. This heat 
storage material absori^s the exothermic heat of 
polymerisation that Is generated initialty, so as to 
keep the temperature of tt>e polymerising mixture 
substantially constant. Preferably the heat storage 
material Is an Inorganic hydrate, for instance as 
described In EP 0123486. Thus by adding sodium 
sulphate decahydrate the polymerisation mbcture 
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can be held at a temperature of around 40^ C until aJI 
the decahydrate has been converted to the substan- 
tially anhydrous form of sodium sulphate, where- 
upon there will be rapid increase In the temperature 
of the polymerisation mixture. 

It is desirable to Include chain transfer agent In the 
aqueous solution either to reduce molecular weight 
or, in particular, to minimise chain branching or 
cross linldng to an extent that would cause in^olubiii- 
sation. 

Comfentlonat chain transfer agents may be used, 
e.g.. propylene glycol. The amount added is usually 
at least 0.01^ and preferably at least 0.02<^. 
generally being no more than 15o/o. normally below 
1(KVb, based on the total weight of the monomers. 
This results in a lowering of the molecular weight of 
the copolymers produced. When the purpose Is to 
minimise chain branching, other materials may be 
prafen^ed. The chain transfer agent may be added 
deliberately to the polymerisation mixture or it may 
be formed during the polymerisation. Suitable 
materials are well known. An example Is nltrllo-tris- 
proplonamide, which can be formed In the mixture If 
that mixture is acidic and Includes acrylamlde. 

Although It Is usually preferred for the polymers of 
the Invention to be linear and highly water soluble, 
water swellabie polymers are obtained if a polyethy- 
ienically unsaturated monomer, for Instance 
methylene bis acrylamlde or other conventional 
ethylenlc cross Unking agent. Is included In the 
monomer fn an appropriate annount. generally in the 
range 10 to 5,000ppm, usually 100 to l.OOOppm. 
Altematlvsly the pplymor can be Insolubillsed by the 
inclusion of a polyvalent metal salt, such as a 
caesium or alumbiium salt, In the polymerisation 
mixture. 

The ethylenteaily unsaturated monomeric material 
may be a single water soluble monomer or It may be 
a water soluble blend of monomers. These may be 
selected from anionic, non-lonto and cationic mono- 
mers and. it Is often preferred to use a blend of 
non-Ionic and anionto monomers or a blend of 
non-Ionic and cationic monomers. 

When a blend of non-k>nfc and anionic or cationic 
monomers Is used, the amount of non-ionic 
monomer is generally In the range 25 to 85<Vb by 
weight of the blend, wHh the balance being the 
anionic or cationic monomer or monomers. 

The preferred non-ionic monomer Is acrykimlde 
but others may be used, for Instance methacryla- 
mlde, vinyl pyroltldone and hydroxyaikyi (meth) 
acryiates. 

Suitable cationte monomers are diallyldimethyi 
aluminium chloride, and dIalkylamlnoalM (meth) 
acryiates and dlalkylam^oalkyl (meth] acrylamldes, 
generally as their actoi additk>n or quaternary 
ammonium salts. 

Suitable anionic monomers are carboxyfic mono- 
mers such as crotonio acid, Itaconic add, malete 
add or, preferably, (meth) acrylic add. Other 
suitable anionic monomers are ethylenically unsatu- 
rated sulphonic monomers such as AMPS, allyl 
sulphonate and vinyl sulphonate. Anionks monomers 
are generally in the form of sodium or other water 
soluble salts. 



in general It is preferred for the monomers to be 
selected from ethylenically unsaturated carboxyllc 
monomers, ethylenically unsaturated sulphonic 
monomers and acrylamWo, the amount of ethylenl- 

5 cally unsaturated sulphonic monomer generally 
being 3 to 30^ by weight of total monomeric 
matedal. It Is particularly preferred for the 
monomeric material to be a mixture of 3 to 20^/6 
sulphonic monomer together with acrylic acid or 

10 other ethylenically unsaturated carboxyllc monomer 
and acrylamlde In an annount of 1 to 3 times the 
weight of carboxyllc monomer. 

it may be necessary to include a viscosifier In the 
Initial foamed aqueous solution in order to Impart 

15 adequate stability to the Initial foam, and If such a 
viscosifier is used then, unless grafting is required. It 
should be one that Is Inert during the polymerisation. 

Although tiie process can be operated to produce 
conventional addition polymers of monomers such 

£0 as those described above, it is of particular value for 
the production of graft copolymers and these are 
obtained by Including a water soluble polyhydroxy 
material In the aqueous solution of monomeric 
material. The polymerisable mixture Is preferably 

26 formed from 3 to 70^/o water soluble polyhydroxy 
polymer, 3 to IQo/o ethylenically unsaturated sulpho- 
nate monomer and 25 to 95<>/o of a blend of 
acrylamlde with sodium acrylate or other water 
soluble salt of acrylic acid and In which. In the blend, 

30 the amount of acrylamlde is 50 to 7S^/o and the 
amount of sodium acrylate is 25 to 50Q/b. All 
percentages are by weight unless otherwise sped- « 
tied. 

The amount of polyhydroxy polymer Is preferably 
35 30 to 60tW> and the amount of the monomer blend is 
preferably 30 to 70Wo. The sulphonate monomer can 
be, for instance, allyl sulphonate but is preferably 
AMPS, 

The polyhydroxy polymer can be, for instance, 

40 polyvinyl alcohol but is preferably a polysaccharide. 
The polysaccharide is preferably derived from 
starch, cellulose or derivatives and most preferably 
Is water soluble starch, dextrin, dextran or carfoos^ 
methyl cellulose (usually as the sodium salt). 

45 Other water soluble polymers that can be used as 
the backbone polymer, In place of the polyhydroxy 
polymers, Include iignln, polyethylene oxide, and 
polypropylene oxide, and polyamino polymers such 
as polyethylene imine, but they are usually less 

SO satisfactory. 

The Intrinsic viscosity of the graft polymer is 
preferably above 5 and most preferably above 7. It is 
usually betow 15 and is often below 12. All lr>trlnslc 
viscosity/measurements in this specification are 

65 determined using dilution metering with a ub 
viscometer in IN NaNOs at 30** C. 

Whan carrying out the process of the Invention, It 
is desirable that the foamed mixture should contain a 
very large void space and the final foamed volume is 

€0 generally at least 126 times and preferably at least 
1,5 times, e.g., 2 times, the volume of the unfoamed 
mixture. As menttoned, the aqueous mbcture Is 
preferably relatively viscous before foaming so as to 
promote the maintenance of a sufficient degree of 

65 expansion. Viscosity can be achieved by reliance cm 
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any polyhydroxy polymer that is to be grafted or by 
renance on an inert polymer or foaming can be 
delayed until after polymerisation has proceeded 
suffldentiy to give the desired viscosity. 

The foamed mixture should preferably be sub- 
stantially free of ox^en. so as to avoid inhibition of 
the polymerisation by dissolved or gaseous oxygen. 
The monomeric solution can therefore be de-oxyge- 
nated either before or during foaming. 

The foam can be created by bubbling an inert gas, 
such as carbon dioxide or nitrogen, through the 
aqueous polymerisation mixture, and foaming can 
be improved by including a small amount of a 
foaming surfactant in the mixture. Generally however 
foaming Is caused by generating gas within the 
mixture. For Instance when the monomer is non- 
ionic or anionic or a blend thereof the mixture 
prefierably includes an Inorganic carbonate, such as 
sodium carbonate, and acid is Incorporated in the 
mixture In a sufficient amount to liberate sufficient 
carbon dioxide from the carbonate. Other carbo- 
nates can be used. For Instance polyvalent metal 
carbonates, e.g., caesium cart>onate, can give cross 
linked sweliable polymers. 

One advantage of the foamed polymerisation 
method Is that the polymerisation mixture, on a 
microscale, is in intimate contact with gas bubbles. 
The heat of the polymerisation exotherm can 
therefore easily be transferred Into the bubbles, so 
as to minimise the risk of overheating on a 
microscale. This transfer is promoted by the evap- 
oration of water from the aqueous mixture into the 
bubbles, thereby absorbing the pofymerisation exo- 
therm as latent heat. 

It Is generally preferred for the concentration of 
monomer In the Eiqueous mixture to be relative^ 
high, for instance above 600^ and often 70 to SOO/o, 
by weight of monomer plus water, since the gas 
bubbles will result in the Isolation of the polymerisa- 
tion mixture into what can be considered to be very 
small particles, thus permitting the Norrish-Tromm- 
storf effect to occur during the polymerisation. Also 
it Is prefen'ed to allow the exotherm to raise the 
polymerisation temperature sufficiently for water to 
be driven off as steam. Thus substantially all the 
water Is generally evaporated from the mbcture 
during the polymerisation with the result that it Is 
unnecessary to dry the final gel. 

However the concentration of the monomer in the 
foamed aqueous polymerisation mixture can be 
lower, generally In the range 20 to 50Q/b by weight 
Even though the concentration Is therefore tyii^cai of 
those prevailing during normal bulk gel polymerisa- 
tions the process has two distinct advantages. Rrst, 
a substantial amount of the water is evaporated into 
the bubbles of the foam and out of the foamed 
mbcture during the polymerisation, so that the 
commlnutable mass has a lower water content than 
would be obtained In conventional bulk gel polymeri- 
sation. Second, since the commlnutable mass is a 
foam, It is much easier to comminute than the normal 
bulk gel. These advantages render the process 
particulariy advantageous for the productton of 
relatively low molecular weight gel polymers and 
other polymers that have a gel structure that, In bulk. 



tends to be stickier than Is convenient for normal 
comminution methods. 

The mass that is obtained by the polymerisation 
can be comminuted in conventional manner and, 
5 during or after the comminution, m^ be dried, for 
Instance by fluid bed drying. 

To facilitate comminution it can be desirable to 
Include a low Hl-B surfactant in the aqueous 
polymerisation mixture, generally in an amount of 

10 about 0.01 to at>out Q.O&i/o by weight of the mbcture. 
Suitable surfac^tants Include sorbltan monostearate. 

The polymerisation mixture is formed by blending 
the monomer (which can be any of the non-lonlc, 
anionic or catlonic monomers discussed above, or 

IS mixtures thereof) with the chosen amount of water 
and chemical foaming agent (unless gas Is to be 
bubbled Into the mixture) and conventional initiator. 
The initiator may be thermal but is preferably a redox 
system. When the polymerisation Is a graft polymeri- 

^ satlon on to, for instance, a polysaccharide, the 
polysaccharide will serve as the reductant and so it 
is only necessary to include, for Instance, potassium 
persulphate or other peroxy or other thermal 
initiator. Unless the initiator is a polyvalent metal, 

25 such as eerie, a chelating agent such as EDTA Is 
preferably Included in the polymerisation mixture. 

According to a second aspect of the invention, the 
foamed polymerisation process Is conducted 
broadly as described above, preferably to make the 

30 described graft copolymers, but the initiation period 
is optionally less than 10 minutes and the polymeri- 
sation is conducted in the presence of a chain 
transfer agent, as described above. 

According to a third aspect of the Invention, the 

36 foamed polymerisation process Is conducted 
broadly as described above but the Initiation period 
can be less than 10 minutes and the polymerisation 
Is conducted in the presence of a sulphonate 
monomer, preferably AMPS, preferably in tfie 

40 amounts specified above. 

According to a fourth aspect of the Invention the 
foamed polymerisation process is conducted 
broadly as described above but the Initiation period 
can be less than 10 minutes and the polymerisation 

45 Is conducted in the absence of any poiyhydroxy 
compound and thus the process does nc^t result In 
the production of a graft polymer. 

According to a fifth aspect of the Invention, the 
foanrted polymerisation process Is cxinduoted 

so broadly as described above but the initiation period 
can be less than 10 minutes and the concentration of 
monomeric material in the aqueous solution Is below 
60*W) by weight. 

According to a sixth aspect of the invention, a 

55 powder, water soluble, graft copolymer Is formed 
from 3 to 7Wo water soluble polyhydroxy polymer, 3 
to ^Wo ethylenlcally unsaturated sulphonate 
monomer and 25 to 95<Vo of a blend of acrylamlde 
with sodium acrytate or ott^er water soluble salt of 

69 acrylic acid and in which, in the blend, the amount of 
acryiamide is 50 to 75(Vb and the amount of sodium 
acrylate Is 25 to SO^Vb by weight. The preferred 
amounts of the potytiydroxy polymer and the 
monomers, the prefenred polyhydroxy polymers and 

€S the preferred viscosity for the final product are all as 
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described above. 

The powdered water soluble graft copolymer of 
the Invention comprise a backbone polymer as 
described above (preferably a polysaccharide) orrto 
which have been grafted one or more ethylenicalty 
unsaturated monomer and have very good solubility 
in water and generally have a molecular weight In the 
range given above. 

The polymers described are of particular value as 
fluid loss additives and as other additives for drilling 
muds, completion fluids and other downhole fluids 
and so the Invention Includes, as a second aspect, 
such fluids* and downhole methods, using such 
polymers. Suitable amounts of the polymers are in 
the range 5 to 60, generally 10 to 30, parts per barrel. 

The polymers of the Invention give results, such as 
gel strength, plastic viscosity and yield strength, In 
fresh water fluids that are generally as good as or 
better than those using commercially available-fluids 
loss additives and so they are very suitable In such 
fluids. However the polymers are of particular 
advantage when the aqueous medium of the fluid Is a 
saline medium dissolved electrolyte, since the 
properties obtainable tend to be better than Ihose 
obtainable using conventional fluid loss additives. 

The polymers described above can be made by 
any graft polymerisation technique capable of pro- 
ducing polymers having the specified properties, for 
Instance buik gel, reverse phase emulsion, or 
rwerse phase bead polymerisation processes. How- 
ever, the polymers described above are preferably 
made by polymerising water soluble, ethylenlcally 
unsaturated. morK>mer in a foamed aqueous poly- 
merisation mixture to form a foamed commlnutable 
mass and then comminuting the mass, preferably as 
described above, especially as in the first aspect of 
the Invention. 

It has surprisingly been found that this particular 
technique does give polymers having high molecular 
weight, a high degree of linearity In the grafts, high 
solubility In water and very low !nsolubllity. It is 
believed that these advantages follow from Improv- 
ing the process of CN 85109462 by controlling the 
temperature in the |X>lymerisatlon mixture in a 
manner that is not possible in the method as 
described In that. 
The following are examples. 

Example 1 

100ml of distilled water are placed in a 500ml 
wide-mouth reaction vessel equipped with blender 
and/or thermometer and heated to about 8d*C. 20g 
CMC (carboxymethyl cellulose sodium salt sold by 
LambertI cmc s.p.a. trade name CARBOCEL LB-P) 
are added during blending and blendir>g is continued 
until the CMC has dissolved. 19.6g anhydrous 
sodium carbonate are added and then the mixture Is 
allowed to cool to ambient temperature to produce a 
high concentration solution (I). 

To (l), 66.0g of powdered acrylamlde (polymerisa- 
tion grade, with water content less than 30yb), 5ml of 
5.6<Vb aqueous solution of EDTA (disodlum salt of 
ethylene diamine tetra-acetic acid), about 0.2ml of 
propylene glycol and 13.4g of powdered AMPS 
(2-acryfamido-2-methyl- 1 -propane sulphonlc acid) 



are added and blended for 15 minutes until a gelated 
solution (II) has been prepared. 

To (II), 26.3g of acrylic acid (polymerisation grade, 
purity more than SO^/o) are added with high speed 

5 blending. Carbon dioxide bubbles form, filling the 
system and blending Is continued for an additional 
10 to 15 minutes. 

The mixture Is poured Into a 500ml wide-mouth 
vessel or a 0.5kg plastic packet and placed in a 

10 constant temi^erature bath at 40°C and gelated 
solution (III) is obtained. 

5ml of 0.1 M solution of potassium persulphate In 
1.0M nitric acid are added to (111), with shaking. 
Carbon dtoxide bubbles form, and after S minutes 

Iff isolated, gelated drops of polymeric backt>one are 
observable. After approximately 20 minutes, high 
temperatures are reached as the heat of polymerisa- 
tion Is released. This polymerisation lasts for about 3 
minutes and a large amount of water is lost as steam. 

SO The polymerisation product obtained Is a porous, 
unsttoky solid with slight elasticity and a water 
content below 200/o. After shredding, the product Is 
dried at 60** C and converted to powder wltlr ah 
Intrinsic viscosity of 9.3 In 1M NaNOs at . 30^*0 and 

25 good solubility. 

Example 2 

A polymerisatton was carried out as for Example 1 
except that concentrated solution (i) was prepared 
by adding 20ml oil phase comprising approximately 
eSSV6 ISOPAR-M, 7.eiV6 Span-so, 2.5iVb Tergltot-4.5 
and 4.1<Vb Tergitol-12.2 to the cooled mixture. 

The resultant product Is an easily ground, porous 
unsticky solid containing water less than ^&Vt>, which 
had an Intrinsic viscosity of 10.8 In IN NaNQs at 
30**C and good solubility. 

Example 3 

20g CMC (as above), 16g anhydrous sodium 
carbonate and 30ml of distilled water are blended 
together in a SOOmi reaction vessel. 72ni\ of 51.9<Vb 
aqueous solution of acrylamlde was added and 
blended until the CMC dissolved. The mixture was 
allowed to cool to room temperature to give a high 
concentration solution (I). 3ml of 6.6<W) aqueous 
solution of EDTA (as above), 0.1ml of propylene 
glycol and 4g powdered AMPS and 3.5g of diacetone 
acrylamlde were added and blended for 15 minutes 
to give a gelated solution (II). To (11). 25.3g of acryflc 
acid was blended at high speed. Carbon dioxMe 
evolved and blending continued for a further 10 to 15 
minutes. After being held at constant temperature of 
40** C, gelated solution (ill) was obtained. To (111), 2ml 
of 0.1 M potassium persulphate In 1.0M nitric add 
was added with shaking. Polymerisation and separ- 
ation of the product proceeded as in example 1 and 
the white powder product had an intrinsic viscosity 
of 7.2 In 1M NaNOs at 30** C. 
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Example 4 

A polymerisation was carried but as for example 3 
except that 11. 2g potassium hydroxide and 25g 
sodium carbonate anhydrous are used in place of 
5^ 16g anhydrous sodium carbonate in the preparation 
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of ([) and 10g acrylic acid (purtty more than 
polymerisation grade) are used in place of AMPS fn 
the preparation of (II). 

The resultant product is a water-soiuble co- 
poiymer which can be used for soii improvement. 

The effect of the powder product on the Apparent 
Viscosity, Yield Point and Plastic Viscosity of a 
20ppb Qel mud system fs shown In Rgures 1, 2 and 
3, respectlveiy. Figures 4 and 5 show the Fluid Loss 
versus Product Concentration using a 20ppb Gel 
mud system and the API PAC Hivis mud system. 

20ppb Qet mud sysem: Typical simple freshwater 
mud system in which several hundreds of Tonnes of 
fluid loss additives such as Ancomer 507 are used 
downhole annually. 

API PAG HlvIs system: Proposed industry stan- 
dard test system to predice performance or PAC 
fluid loss additives (Flas) downhole In saline drilling 
muds. 

Example 5 

A process broadly as described in Example t was 
repeated but propenyl sulphonlc acid was used In 
place of AMPS to produce 11, and after the 
polymerisatfon, further blending for approximately 
15 minutes was carried out with Span-60 to produce 
a powder product. 

The resultant product Is a porous unstlcky powder 
containing less than 15o/o water and having slight 
elasticity and good solubility with an Intrinsic 
viscosity of 8.5 In 1M NaNOa at 30''C. 

Example 6 

A process as for Example 5 was carried out, 
except that anhydrous caesium carbonate was used 
in place of sodium carbonate, and acrylic acid was 
used In place of propenyl sulphonlc acid. 

The polymer product Is a water-swollen co- 
polymer with expansion co-efficient of about 50, that 
Is, 1.0g of fine powdered product the particle 
size of 100 mash can absorb about 60g of water. 

Example 7 

To a 500ml wide-mouth reaction vessel equipped 
with blender and thermometer, 100ml of distilled 
water are added and heated to about 80"* C* Blending 
is started and 120g soluble starch are added and 
blending Is continued until the starch has dissolved 
and then 15ml of 5.6% aqueous solution of ethylene- 
diaminetetra-acetic acid disodlum salt and about 
20ml of propane-1 ,2-diol are added. The mixture Is 
then allowed to cool to room temperature and a high 
concentration solution (() obtsuned. 

To (I). 71g acrylamlde and lOOg anhydrous sodium 
carbonate are added and blended for 15 minutes 
until a geiated solution (li) has been prepared. 

To (11) are added slowly 44g acrylic actd (purify 
more than 98<Vb} while blending at high speed. 
Carbon dioxide bubbles are formed and fill ttie 
system. Blending is continued for 3-5 minutes, a 
further 44g acrylic acid are added, then 25g AMPS 
(2-acry1amldo-2-methyl-1-propanesulfonic acid) are 
added and followed by a third 44g acrylic add. The 
blending is continued for additional 10-15 minutes, 
the temperature Is held at about 30'*C and geiated 



solution (III) obtained. 

To (111), 5ml of 0.1 molar soluten of potassium 
persulphate in 1.0 molar nltdc acid are added with 
shaking. After ak>out 35 minutes, the system heats 
5 up automatically due to the iieat of polymerisation. 
The polymerisation could last for about 3 minutes. 
Copious quantity of vapour escape during this time. 
When the polymerisation Is complete, about 15g 
Span-60 pellets are added to the system to make the 

10 product change Into powder. 

The product is a porous unsticl<y solid containing 
(ess than ^OWo water. The product is dried at 60° C 
and has excellent solubility In water. The intrinsic 
viscosity is 4.3 in IN NaNOs at 30** C. 

16 The 30 minute fluid loss value are recorded for this 
product, and for the starch, when incorporated in 
20ppb conventional freshwater mud system. The 
values at dosages of 0.1 , 0.25 and 0.5ppb are 9.9, 8.8 
and 8.1 m/s respectively for the product of this 

20 example compared to 11.6. 11 and 10.9 for the 
starch. This demonstrates the advantage of the 
Invention. 

Example 8 

25 

All procedures are identical to those of Example 1 
except that 135ml 52% acrylamlde aqueous solution 
are used in place of 71 g powdered acrylamlde in the 
preparation of (1) and 60g acrylonltrile (purity more 

30 than 98^0 polymerisation grade) are used in place of 
AMPS in the preparation of (II). 

The result Is a water-swollen copolymer with an 
expansion coefficient of about 50. I.Og of the fine 
powdered product having a particle size of 100 mesh 

35 can absorb about 300g of water. 

(n place of sodium carbonate in the examples it 
can be desirable to use potassium carbonate. In plae 
of starch, it can be desirable to use other substrates 
such as guar and guar derivatives such as hydrcs^ 

40 propyl guar. 



Claims 

45 1. A process of making a powdered poiymer 

of a water soluble, exothermically polymeils- 
able, ethylenically unsaturated, monomeric ma- 
terial comprising providing a foamed aqueous 
solution of the monomeric material. Initiating 

60 polymerisation of the monomeric material by 

blending initiator with the solution, exotfierml- 
calty potymensing the nM>nomeric material to 
form a foamed get, and comminuting the gel, 
characterised In that the polymerisation tern* 

65 perature Is below 60° C for at least the first 10 

minutes of the polymerisation end then is 
allowed to rise exothermicalJy to a higher 
temperature. 

2. A process according to claim 1 1n wNch the 
60 temperatue Is allowed to rise exothermicaliy to 

a temperature at which steam Is evolved. 

3. A process according to claim 1 or cfalm 2 in 
which a chain trs^sfer agent is includad In.the 
aqueous solution. 

65 4. A process according to any of claims 1 to 3 
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In which thd monomers are selected from 
ethylenlcally unsaturated 4:»rboxyllc acids, ethy- 
lenlcalty unsaturated sulphonic adds, and water 
soluble non^fonlc monomers. 

6. A process according to any preceding 5 
claim In v^lch the monomers comprise 3 to 
30<Vb ethylenlcally unsaturated sulphonic acid 
monomer and 97 to 70<Vb by weight other 
monomers comprising ethylenlcally unsatu- 
rated carboxyilc monomer. 10 

6. A process according to any preceding 
claim in which the monomers comprise 3 to 
30(Vb by weight ethylenlcally unsaturated sul- 
phonic monomer together with ethylenlcally 
unsaturated carboxyilc monomer and acryla- is 
mide in an amount of 1 to 3 times the weight of 
ethylenlcally unsaturated carboxyilc monomer. 

7. A process according to any of claims 4 to 6 
In which the ethylenlcally unsaturated carbox- 

ylic monomer is acrylic acid and the sulphonic 20 
monomer is AMPS or allyl sulphonata. 

8. A process according to any preceding 
claim in which a polyhydroxy polymer Is In- 
cluded in the aqueous solution and the final 
product is a graft polymer. 25 

9. A process according to claim 8 In which tiie 
aqueous solution contains 3 to TOVo water 
soluble polyhydroxy compound, 3 to 10<Vb 



ethylenlcally unsaturated sulphonic monomer 
and 25 to 959/^ of a blend of 1 to 3 parts 
acrylamlde with 1 part acrylic acid. 

10. A process according to claim 8 or claim 9 In 
which the polyhydroxy compound Is water 
soluble starch, dextrin, dextran or carboxy- 
methyi cellulose and the sulphonic monomer is 
AMPS. 

11. A powder, water soluble, graft copolymer 
formed from 3 to 709A> water soluble polyhy- 
droxy polymer, 3 to 10% ethylenically unsatu- 
rated sulphonate monomer and 25 to 95^ of a. 
blend of acrylamlde with sodium acrylate or 
other water soluble salt of acrylic acid and in 
which. In the blend, the amount of acrylamlde Is 
60 to 75% and the amount of sodium acryiate Is 
25 to 50% by weight. 

12. A graft copolymer according, to claim 11 
formed from 30 to 60% by weight of a 
polyhydroxy polymer selected from water so- 
luble starch, dextrin, dextran and cart>oxy- 
methyi cellulose, 3 to 10% AMPS with the 
balance being a blend of 1 to 3 parts acrylamlde 
with 1 part acrylic acid. 

13« A downhole fluid containing, as fluid loss 
additive or other viscosifer, a polymer accord- 
ing to dalm 1 1 or claim 12. 
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